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IPRM 95, Sapporo, Japan 
From May 9th to the 13th, The Seventh International Conference on Indium Phosphide and 
Related Materials, IPRM95, was held in the City of Sapporo, located on Japan's North Island, 
Hokkaido. It is perhaps surprising to most of us that Hokkaido, in addition to having the world 
renowned quantum electronics centre it could also qualify as a symbiotic location for an InP 
related seminar for another reason; - since the fairly recent opening of the mine, this island can 
boast about it having one of the largest indium mines in the world, supplying about one quarter 
of the world indium demand and about haft of the amount consumed by Japanese industry. 
T 
he northern location of Hok- 
kaido also contributed to 
pleasant cooler temperatures 
(in the 15 to 20°C range versus 
25°C+ plus in Tokyo) and also 
missing the rain that was falling 
further south in the capital city. 
Hokkaido University was the host 
location for the conference and the 
source of most of the conference 
support staff. 
As appointed rep for III-Vs Review, 
I received a tour of the university 
compound semiconductor labs, which 
must be one of the best in Japan. For 
this reason III-Vs Review will present 
the Hokkaido story in a future article. 
Despite competition from ManTech 
and LDSD conference, IPRM at- 
tracted about 350 attendees of which 
about 70% were from the Japanese 
companies and centres of higher 
learning. Such numbers dwarfed 
those from the other regions. Eur- 
opean attendance came second, at 
about 16%, with more than half 
from Germany. North America took 
last place accounting for about 13% 
of the attendees. Not the best showing 
from the world's largest semiconduc- 
tor economy. 
From all reports, the organization 
of the conference was a credit to 
Professor Hasegawa, the conference 
chair, and his committees, the kudos 
were well deserved for the smoothly 
run operation and for the quality of 
the over 200 papers selected for 
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The three plenary lec- 
nvited papers presented 
erence also gave the 
mique opportunity to 
wrent state of the InP 
ortable surroundings. 
:d the wide ranging 
ted with InP - materi- 
and device technologies. 
is the first time in Japan 
! the mood of the whole 
peared to be very posi- 
:ct to the future for InP 
neeting was opened by 
;egawa and before pro- 
ceeding with confer- 
ence mat ters  he 
mentioned with deep 
regret the untimely 
death late last year of 
the conference vice- 
chairman, Dr Peter 
Spier, from Alcatel. 
Sadly, he will be well 
remembered by all; 
our condolences to his family. 
The official welcome was given by 
Dr Horihito Tambo, the former Dean 
of the Faculty of Engineering with 
only a few days in office as the 
University President. He was proud 
that his former department in Hok- 
kaido University is in the "front- line 
of modern quantum engineering" and 
noted his personal interest in the 
Experimental Multimedia Network 
System now being planned for Ja- 
pan. He expressed his hopes that this 
IPRM conference in Hokkaido would 
open up new horizons for InP-based 
systems. The opening remarks were 
followed by three invited papers in the 
plenary session and the full confer- 
ence programme in parallel sessions. 
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The first invited paper was given by 
Ichiro Yamashita, from the NTT 
Optical Network Systems Labora- 
tories in Yokusuka, Japan. He re- 
viewed the history of the Japanese 
fibre optic networks, from the 100 
Mbits ~ multimode fibre in the late 
seventies, to the 2 Gbits s -1 1.3 ~tm 
systems used up to 1985 when the 
technology changed to 10 Gbit s -1 
using the 1.55 micron systems over 
100 km distances. Within the next 
two years the NTT plan is to have 
10 Gbit s -~ systems operating over 
1000 km distances. In addition, the 
1.55 lam wavelength will allow the use 
of fibre amplification in the future. 
Such high data rates will be needed in 
the future; for example a two hour 
movie contains about 10 Gbit s -1 of 
information which in real time is a 
data stream of about 10 Mbit s -l. 
To support these plans for the 
installation of additional high speed 
networks, an improvement in the cost 
efficiency of operation becomes very 
important. A subscriber line terminal 
(SLT) for 1000 customers currently 
requires 1000 laser diodes, 1000 
photodiodes and ICs. At 10 W per 
customer this adds up to too much 
power (10 kW) per SLT. Thus the 
drive to develop second generation 
SLTs to reduce both system and 
operating costs. 
The technology to implement these 
changes is expected to come from 
several avenues 
• improved manufacturing technol- 
ogy by separation of the chip and 
fibre bonding operations 
• reduction of the standard eviations 
of the optical device chips 
• an overall reduction in power 
consumption combined with se- 
paration of the heat generation 
sources from other active elements. 
The second plenary lecture was 
given by Umesh Mishra from the 
University of California at Santa 
Barbara, and previously with Hughes 
Research, USA. In his paper, "The 
status and promise of InP based 
electronics," he stated that the niche- 
type markets that the future com- 
pound semiconductor electronics will 
fill, depends their advantages in four 
categories: 
• their traditional advantage of 
superior electron transport 
• their reduced power dissipation due 
to enhanced mobility (GaAs and 
InP materials) and reduced band 
gap (InGaAs) 
IPRM95: The venue. 
• the need for high speed base band 
electronics for optical communica- 
tions at speeds above 40 Gbit/s 
• the need for quantum electronic 
devices. 
Multimedia applications need very 
fast electronics, therefore why not 
InP? Optical devices are a safe haven 
for InP materials systems and by 
using band gap engineering and 
other techniques, high speed InP- 
based electronic devices have already 
been demonstrated: 
• HEMTs with cut-off requencies as 
high as 340 GHz; 
• AT&T and Hughes with HBTs in 
the 160 GHz range; 
• 213 GHz oscillators; 
• wide band (0.1 to 70 GHz) 
MIMICs with 17dB gain. 
In addition, the ability to make 
HEMTs, HBTs, and RTDs on the 
same chips has great potential for 
ultra-fast circuits. The gate that will 
open and close for InP electronic 
devices to enter future markets, 
however, is and will be controlled by 
the device cost - but modified by 
system performance. 
By most standards the cost of InP 
devices is HIGH and some prices per 
sq. mm. were provided for compar- 
ison: 
• silicon CMOS $0.01 
• Si-Ge $0.6 
• GaAs epitaxy $2.00, 
• InP epitaxy $10.00 
• and from the real world, land in 
Tokyo $0.01 (from another source). 
When all the hand waving is over, 
the markets for InP devices will be 
governed by the same rule as for 
silicon, the economics of function - 
All controlled by process yields, 
device performance and wafer to 
wafer reproducibility. As the volume 
of laser production increases and 
wafer sizes increase, device costs will 
fall. The future needs for high speed 
personal communications and the 
need for lasers and TDM and WDM 
ICs can be met (time division and 
wavelength division multiplexing). 
Hints were overheard at IPRM95 
that hetero-epitaxy on silicon could 
be raising its head again and again it 
could be the same story as for GaAs 
- the epitaxy is no cheaper than the 
bulk III-V wafer. 
The final plenary lecture was given 
by Robert Simes from Alcatel Optro- 
nics in Paris. In his talk he discussed 
the process changes that Alcatel has 
been making in order to achieve lower 
device costs in line with the needs 
defined by the previous speaker. At 
Alcatel this goal has been achieved by 
changing diode laser production from 
a device type development operation 
to a full 2" wafer line. 
Their market objective was to 
supply the devices needed for the 
fibre to the home technology; 1.3 
and 1.55 lam wavelength lasers for 
2.5 Gbit/s data rate fibre optic sys- 
tems, with operation over 200 km 
transmission lengths - having al- 
ready been demonstrated. High 
power 1480 nm Fabry-Perot lasers 
are also produced in the same line 
for pumping erbium doped fibre 
amplifier devices. As the new process 
was introduced, yields improved, 
homogeneity or chip to chip perfor- 
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mance improved and device costs 
were lowered. 
For example, when producing lasers 
by on sub-2in wafers, device yields 
were in the range of 200 to 1000 chips 
per wafer. Producing buried ridge 
structure F-P and DFB lasers on 2in 
wafers using both GSMBE and 
MOVPE processes has resulted in 
wafer yields of 2000 to 15, 000 
lasers. Since chip production costs 
usually do not increase too much with 
increasing the size of the wafer, these 
changes could represent almost a 10 
to 15 fold reduction in laser costs. Yet 
these lasers were of higher quality 
(with MTBFs estimated to be about 
100 years), met the -40°C to 85°C 
operating temperature and 15 year 
lifetime requirements for land-line 
use, (based on the extrapolated age- 
ing rate of 0.9% per 1000 hours). 
These lasers also had better wave- 
length control and more uniform 
threshold current characteristics. He 
reported that other manufacturers 
were also using 2-in wafers for 
production and some have already 
introduced 3-in wafers into their 
manufacturing processes. He forecast 
that as market volumes grow the 
move to 3-in and 4-in diameter 
wafers should be relatively painless. 
On the materials side, the latest 
wafer improvements were reported: 
• low iron level; 
• < 100 > VGF InP wafers; 
• the production of higher indium 
content (up to 25% indium) In- 
GaAs wafers by zone melting; 
• novel low temperature etching pro- 
cesses; the chemically aided ion 
beam etching (CAIBE) of A1GaAs 
at or below room temperature, by 
CI2/BCI3/BC13 to provide mirror 
quality surfaces and gratings C12 
or IBr3 controlled wet etch was 
reported for the removal of side 
wall damage. 
Selective area layer growth is a very 
topical subject. Several papers were 
presented on this topic including laser 
assisted and plasma assisted pro- 
cesses. Selective growth was reported 
for both MOCVD and MBE type 
processes. Perhaps the most notable 
were the use of solid source epitaxy 
with silicon nitride masks to grow InP 
layers that are independent of the 
mask geometry and the selectively 
planar growth of lnP by the introduc- 
tion of PC13 into the MOCVD 
Dr Akazawa nd Prof. Hasegawa, Conference Secretariat and Chair. 
In the advanced evice category, 
Federico Capasso from AT&T Mur- 
ray Hill, reported the fabrication of a 
new type of IR-laser. These lasers are 
unipolar, MQW cascade lasers made 
in the AllnAs/GaInAs materials ys- 
tem. The active regions consist of 
25 multi-layer MBE grown stages 
and pulsed lasing action has been 
demonstrated in the 4 ~m wavelength 
region using both diagonal and 
vertical transitions at temperatures 
up to about 200 K. The latest results 
have demonstrated CW operation in 
the same wavelength range (4-6gm) at 
2mW power levels and 60 K, plus 
pulsed operation at 8~tm wavelength. 
As this technology is developed it has 
the potential to become superior to 
lead salt and competitive with InAsSb 
lasers. 
The Thursday rump session pro- 
vided some interesting presentations, 
some active participation from the 
audience and some novel concepts 
from the speakers; vide infra. All the 
informational gems were assimilated 
by an overflowing audience, kept 
calm by well-cooled liquid refresh- 
ments. The theme for this session,, 
organized by Osamu Oda of the 
Japan Energy Corporation, was 
"Roles of InP in the Multi-Media 
Era." The discussion leaders were 
John Bowers from UCSB and Osa- 
mu Wada from Fujitsu Laboratories. 
The 'world renowned' invited panel 
were: 
• Heinrich Dgmbkes of Daimler 
Benz; 
• Joe Jensen of Hughes 
• Toshi Makino of Bell Northern; 
• Vincent Mattera of AT&T 
• Yoshiaki Nakano of Tokyo Uni- 
versity; 
• Jun-ichi Yoshida of NTT 
The panel presentations, although 
sometimes a little long, were packed 
with information, some, such as the 
relative price of chips and chicken, 
vitally important and relevant o the 
main topics. 
Jun-ichi Yoshida gave a description 
of the NTT plan to link up 10 major 
cities (including Nagasaki, Osaka, 
Hiroshima, Fukuoka, Sapporo, To- 
kyo, Nagano) by a "super high speed" 
(10 Gbit/s) national loop with an 
ATM node at each city. Three cities, 
including Sapporo, are already linked 
by this central net. Several services 
will branch out from the main loop 
such as 156 Mbit/s LANs, and 
2.4 Gbit/s loops and high density 
subscriber lines. 
Japan already has 400 Mbit and 1.6 
and 2.5 Gbit/s lines in operation, but 
the planned 10 Gbit system will form 
the backbone for the fibre to the 
home and video-on-demand require- 
ments. The other markets to be 
serviced by the new system are: 
• network classrooms, 
• video games, 
• super high definition video (SHD), 
• electronic newspapers and 
• remote medical diagnostics (one of 
the highest data rate demands). 
CATV tests started this year and 
will continue for two years. These are 
followed by fibre to the home 
(FTTH), fibre to the office (FTTO) 
and fibre to the court (FTTC) 
planned for testing in 1998 (Has the 
OJ trial fever also spread to Japan?). 
Eventually, all will be completed by 
the year 2010 including N-ISDN and 
B-ISDN. 
Vince Mattera, who is trying to 
implement the AT&T network plans, 
commented on how today's market 
has become a global information 
business of huge proportions, esti- 
mated to be $1.5 trillion in 1994 and 
doubling by the year 2004. H~ also 
noted how a system integrator needs 
to be humble when dealing with 
device designers (and also by infer- 
ence with one's boss?). He pointed out 
that some key factors to be considered 
related to reducing system and com- 
ponent costs were design simplicity, 
process integration, manufacturing 
automation, and miniaturization. 
These should help to provide higher 
bandwidths, higher bit rates, and 
allow optical switching and comput- 
ing, for the demands of the multi- 
media dream. He also made the now 
famous prognostication that the 
DRAM business is like the chicken 
business, double the volume - take 
30% off the price - and presented 
graphs to prove it no less! He also 
made a very profound statement, with 
which I must pledge my total agree- 
ment, we can and must still learn from 
silicon technologists. They probably 
have the answers to many of our 
problems. 
Yoshiaki Nakano noted how the 
InP materials system has all the 
needed properties for the 1.3 to 
1.6 pm application range. He stated 
there is a real need for (MUX) 
multiplexer and (DEMUX) demulti- 
plexer circuits, with the other key 
devices being couplers and splitters, 
dispersers, gratings and amplifiers 
and an additional requirement for 
active/passive integration. He also 
stated the main overall system issues 
were propagation and coupling losses, 
and polarization and temperature 
sensitivity. 
The suspect rival materials for InP 
are: 
• PLCs (planar lightwave circuits), 
• Polymer devices 
• Fibre gratings 
• Lithium niobate 
• Gallium nitride, and of course 
• Silicon 
A valuable audience comment here 
was why multiplex at all? Use a bunch 
of fibres instead. Perhaps the answer 
lies somewhere in between? Ed. 
Later we were treated to a talk on 
the benefits that InP devices would be 
to providing multi-media services in 
Europe, including the video on de- 
mand concept. Figure 1 is a plan 
diagram for the service loops. 
The European situation for fibre to 
the home is different from that in the 
USA. About 60% of US homes 
already have coaxial cable link-ups, 
whereas only about 25% of European 
households have similar service. 
Therefore wireless links may become 
more widely used in the European 
market o support multi-media house- 
holds. Circuit requirements can be 
met by InP devices, e.g. photodetec- 
tors and mm-wave service are possible 
with 40 Gbit MUX/DEMUX de- 
vices. The allocated frequencies for 
CAS are 76 GHz in Europe and 
60 GHz for Japan. A switch to co- 
planar indium phosphide technology 
has already demonstrated an80 GHz 
circulator. About this time another 
person or 'audience wit?' mentioned 
that Umesh Misra could fund all 
these developments on his own since 
his salary was in the nano-dollar 
range, but this could not be con- 
firmed by press time. 
As for silicon, the threat may not be 
as large as it appears since as the 
device speed increases, dimensions 
and layer thicknesses become smaller 
- and so does the breakdown voltage 
- down to the one to two volt range! 
And InP does provide low noise 
amplifiers, now available from mili- 
tary applications, mostly HEMT 
based discretes and OEICs. Soon 
thereafter, the lights went out on the 
rump session and sadly the scientists 
and party goers were once again back 
on the streets. 
From the commercial stand point, 
there were a few notable no-shows by 
some of the larger Japanese compa- 
nies with a large stake in the III-V 
industry, but the interests of the 
industry were well represented. In 
part by local equipment and materi- 
als companies and by equipment, 
materials and chemical companies 
from North America and Europe. 
There were about 25 exhibitors in all 
and most reported a good response 
from the attendees. Quite a few 
believed that their visit to this con- 
ference will help to fill up their order 
books. A significant number of the 
equipment and materials companies 
sponsored some of the events and the 
production of the conference. 
The social and cultural activities 
continued throughout the conference 
and the local delicacies were well 
appreciated by the experienced pa- 
lates and by the daring newcomers. 
But, the early and often sharp closing 
customs (8.00pm and 10.00pm for 
example) of some of the events and 
facilities left the oversees visitors 
crying in their beer (or actually from 
the lack of it). As it turned out, the 
use of several hotels for the confer- 
ence appeared to cramp the style of 
the more social animals in the group, 
Test 
Out 
European Multi-Media Services Co-op concept. 
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since a significant number had to limp 
home at the end of an evening. 
The social events opened with the 
welcoming reception on the Tuesday 
evening, continued through the Wed- 
nesday rump session and on to 
Friday's cultural tours. They in- 
cluded a) the local Sapporo area, b) 
the Olympic Ski jump area and local 
mountains, c). Aoyama an historical 
herring fishing village including an 
hostel type of fisherman's residence 
alleged to be the scene of many wild 
parties (does this sound like an IPRM 
conference?) until the herring died out 
fishing in Otaru was a very prosper- 
ous business; next to an elegant 
residence of a rich businessman - 
this was built about 1917 and at that 
time its construction cost, .again 
Fujikura for his paper "Selective 
MBE growth of InGaAs and InA1As 
on high index facets and its applica- 
tion to the fabrication of InGaAs 
ridge quantum wires". He is a student 
of the Conference Chairman, Profes- 
sor Hasegawa t his Research Center; 
The award for outstanding contribu- 
tor, sponsored by Elsevier's III-Vs 
Review, went to Mr Dublavko I. 
Babic, a student at Professor John 
Bower's lab at UCSB for his paper 
"Transverse mode and polarization 
characteristics of double fused 1.52- 
micron vertical-cavity lasers". 
All the beer one could drink con- 
cept was a great principle for this 
conference banquet, because potential 
visitors to Japan who like their beer 
should consider withdrawing their life 
International party goers found in Sapporo. 
supported by herring fishing, was 
almost as much as a department 
store. Because of its age and its 
luxury it has been designated a 
historical residence d) the largest 
village of Hokkaido's native Ainu 
inhabitants and e) golf course tours 
(golf a culture? perhaps even more so 
in Japan). For reasons as yet unde- 
termined!! all of the tours terminated 
in the large hall of the Sapporo Bier- 
Garten to be followed by beer and the 
conference banquet, now there's cul- 
ture! 
We were all welcomed to Sapporo 
by the Governor, Mr Tatsuya Hori, 
and the main social event began. 
Toward the end of the banquet, the 
conference awards were presented by 
the Committee. The best student 
paper award, sponsored by IEEE/ 
LESO and presented to Hajime 
savings before departure - the bad 
news; a round of ten draft beers cost 
about $112 - the only good news; no 
tip needed. In spite of its price, the 
amount of beer consumed surely must 
have been considerable and made a 
step function increase the profits of 
the local beer company for May. 
In addition, there were also several 
special awards, unique to this con- 
ference. These included an award for 
the most poster papers from one 
location. It was presented to the 
Battarachia Poster Company located 
somewhere in Illinois; the technical 
chicken award went to Vince C. 
Mattara from AT&T, for his out- 
standing research into defining the 
price of chicken as it relates to the 
volume of indium phosphide devices 
sold, the unit volume doubles - yet 
the price falls by 30% ! It sounds like 
total giblets to me. 
As for sports, the time available and 
choices were limited in Sapporo and 
even the number of golf players was 
restricted leaving a few disappointed 
entrants. But out of those fortunate 
enough to play golf, the one with the 
highest golf score, a mere 192 for only 
18 holes and his nearest rival were 
rewarded with laser golf-swing check- 
ers donated by Aixtron - an item 
probably needed by the writer and 
most of the contestants! 
We hope to see all of you at 
IPRM96 to learn about the latest 
advances in the field. It will be held 
in Europe next year in the Schwae- 
bisch countryside not too far from 
Stuttgart, from April 22rid to the 
25th. (Future authors please note the 
paper submission deadline of Novem- 
ber 10 1995). 
In review, InP materials may be 
unchallenged over a range of com- 
mercially significant operating fre- 
quencies in the optoelectronic device 
arena. This group would include 
detectors, photodiodes, lasers, and 
OEICs. In the field of HBT, HEMT, 
and FET discrete devices and for 
small scale integrated circuits, in- 
dium phosphide materials have al- 
ready demonstrated a very wide 
operating bandwidth and in spite of 
competition from the silicon and 
gallium arsenide materials systems, 
InP circuits appear to be heading 
into important new commercial mar- 
kets. Terabit rates are possible with 
today's technology and more specifi- 
cally, InP devices already operate in 
the 100 + gigahertz to terraherz range 
including D-band and millimetre 
wave devices. Circuits using InP 
photodiodes are already operating at 
10 gigabits per second rate and test 
systems have almost reached the 
20 Gbits/sec rate with noise levels at 
-15dB. Additionally, Japanese work- 
ers have a l ready demonst ra ted  
200 Gbit/sec data rates with error 
rates of less than 10E-10. The relia- 
bility and performance of some InP 
based HBT devices already exceeds 
that of gallium arsenide devices 
already exceeds that of gallium 
arsenide devices, opening up further 
potential markets for the InP materi- 
als system. 
Dr GaAs, 
slowly becoming converted into 
Dr In Rin, reporting from Sapporo. 
